MATERIALS AND METHODS

Finland. Part of the sample population was from sites that had been
Three study plots treated with ash and two control plots treated with ash 1.5 years earlier, part from untreated control sites.
with no ash applied were chosen around two small lakes,
The ash increased the soil pH and gave an average cadmium load in Tavilampi and Nimetö n, located about 1 km apart in Evo, soil of 44 g ha Ϫ1 . When comparing treated and control areas, we found southern Finland (61Њ14Ј N, 25Њ12Ј E). The area of each plot slightly but significantly lower Cd concentrations in vole muscle, liver, was approximately two hectares. The soils at these sites were and kidney from treated plots, whereas the Cd concentrations in shrew formed on moraine deposits and in peat, and the forests con- Approximately 4.8 Mg ha Ϫ1 of wood ash (dry weight) was applied in February 1998. This ash contained 9.2 g g Ϫ1 (dry weight) of cadmium that gave an single average load of 44 g A pproximately 100 000 Mg of wood ash is generated Cd ha Ϫ1 . This amount exceeded the 3 g Cd ha Ϫ1 yr Ϫ1 limit each year in Finland. This ash could be used as permitted for Cd in sewage sludge application to Finnish fertilizer in forests, but the high concentration of cadfarms. The ash was applied manually and resulted in a rather uneven distribution. In summer 1999 the ash application remium calls for restrictions on the amount of ash applied sulted in an increase in surface (0-7 cm) soil pH (H 2 O) from and the frequency with which it is used. Application of an average of 4.4 to 5.8 in mineral soils and from 4.5 to 6.1 ash affects both soil pH and element concentrations.
in peat soils (Pihlströ m et al., 1999) .
Areas subjected to ash application should be monitored Small mammals were collected from 27 July 1999 through over extended periods in order to evaluate the potential 9 Dec. 1999 by using 75 to 80 snap traps baited with bread or for harmful effects to the environment. oat grains. The species studied were bank vole and common
The purpose of this investigation was to study the shrew, and 106 voles and 80 shrews represented both sexes effects of ash application on cadmium concentrations and different age classes (Table 1) . Plot borders were avoided in small mammals: herbivorous bank voles and insectivwhen sampling treated plots in order to minimize the influence orous common shrews. The bank voles eat leaves and from uncontaminated areas. Body weight, body length, sex, age, and maturity were recorded. The numbers of animals young shoots of dicot forbs and dwarf shrubs, and flowtrapped were: 3.7 and 3.9 individual voles per 100 trap-nights ers and berries of bilberry (Vaccinium myrtillus L.). from treated and untreated areas, respectively, and 5.1 and Bank voles also eat mushrooms in late summer and 6.7 individual shrews per 100 trap-nights from treated and autumn. Their diet may also include some insects (Hansuntreated areas, respectively. son, 1985) . The shrews eat mostly earthworms, insects, The voles were age-classified as juveniles (0.5-1 month in and spiders (Pernetta, 1976; Saarikko, 1989 Small mammals have been used as biological indicaand with delayed maturation), young adults (34 months and tors for several reasons: they are rather easy to collect, breeding), and overwintered (about 1 year and breeding) (Pré -they move within a limited areas, and it is possible to vot-Julliard et al., 1999) . The shrews were divided into summer use both herbivorous and carnivorous species (e.g., Ma born, nonbreeding juveniles, and overwintered adults (Churchfield, 1990 ). The trapped animals were frozen in toto as soon et al., 1991; Pankakoski et al., 1994 consequently, it is important to take the age structure Poole, UK) for 2 h at 50ЊC, then for 16 to 18 h at 110ЊC. A of sampled populations into account when considering 2-mL aliquot of H 2 O 2 was added, and the samples were heated for an additional 6 h at 110ЊC. The digested samples were but the ratio of kidney weight to body weight was signifiOur detection limit was 0.01 g g
Ϫ1
. Differences between cantly higher in treated areas ( 
RESULTS
greater Cd concentrations in all tissues than did voles We found no significant differences in cadmium con- (Tables 3 and 5) . centrations between sampling plots within treatments, so our samples were pooled into treated (three sampling DISCUSSION plots) and untreated (two sampling plots) groups. We detected no significant differences between treated and
The application of ash has a limited effect on the control areas in the number of trapped animals or in uptake of cadmium in voles and shrews within a short body weight or body length of the animals.
period of time, even though more Cd was measured in shrews from treated areas than untreated areas. How-
Cadmium Concentration in Voles
ever, ash application increases the amount of cadmium present in the ecosystem. The liming effect of ash will Body size (length and weight) of voles did not vary last for a few years, hence Cd concentrations should be between treated and untreated areas. This similarity was monitored for a much longer period of time than the seen for all age classes except overwintered adults, of study period. In a forest area treated with sludge of which only two individuals were collected from unmixed domestic-industrial origin, Nickelson and West treated areas and only a single individual from the (1996) found significantly elevated Cd concentrations treated areas (Table 1) . No significant differences in Cd in shrews (Sorex spp.) compared with control areas. This concentrations were observed between male and female difference between forest areas remained similar 2 and individuals in any age class (data not shown). The ratio 11 years after sludge application. of liver weight to whole body weight was not statistically
The mobility of small mammals depends on age, sex, significant, but the ratio of kidney weight to body weight reproductive status (functional group), and population was significantly greater for animals from treated areas density. The mobility of voles and shrews is at a maxithan from untreated areas (Table 2) . Overall, Cd conmum for adult males when the population density is centrations were greater in tissues from voles trapped low and covers an area of approximately 1 to 2 ha. At from untreated areas than treated areas (Table 3) . Musgreater density, home ranges of males shrink to 0.5 ha. cle, liver, and kidney tissues from animals trapped in Breeding females have territories of about 0.2 to 0.3 ha, the untreated areas were significantly greater in juveand the home range of juvenile and subadult voles is niles and subadults, but there was no significant differapproximately 0.1 ha (Bondrup-Nielsen and Karlsson, ence in the young adults from treated and untreated 1985; Henttonen, 2000) . Our samples of shrews and areas. Absolute differences in Cd concentrations were generally on the order of 0.1 to 0.3 g g Ϫ1 (Table 3) , voles mainly consisted of young animals with reduced and there was a general increase in Cd concentrations during the 45-d sampling period in all animals ( between shrews trapped in treated or untreated areas, home ranges, and our results appear to reflect the condivalue for liver of common shrew (n ϭ 40). We conclude that results from our study area (both control and tions for Cd at the study plots.
The concentrations of Cd in livers of bank voles from treated plots) fall within the range of normal cadmium levels for small mammals in Finland. our study area were similar to those recorded near a lead smelter and at a control area in southern Finland. Hunter et al. (1989) compared the cadmium concentrations in common shrew from one contaminated and The concentrations in liver and kidney of common shrews from both treated and untreated plots were one uncontaminated area. The average muscle concentration from shrews in untreated areas was 1.1 g g Ϫ1 slightly less than in samples collected around a smelter in Harjavalta, southwestern Finland (Pankakoski et al., (dry weight), the liver concentration 14 g g Ϫ1 (dry weight), and the kidney concentration 21 g g Ϫ1 (dry 1994). Bergbom (1987; also cited in Nuorteva, 1990) studied Cd concentrations in Finnish bank voles and weight). In the contaminated area the concentrations were 4.8 g g Ϫ1 (dry weight) in muscle, 580 g g Ϫ1 (dry common shrews, and found an average concentration of 0.78, 0.68, and 3.2 g g Ϫ1 (dry weight) in muscle, weight) in liver, and 250 g g Ϫ1 (dry weight) in kidney, and were much greater than our results. Also, Read and liver, and kidney, respectively, in voles, whereas the concentrations were 1.3, 3.3, and 6.9 g g Ϫ1 (dry weight) Martin (1993) found considerably larger concentrations than reported in our study in common shrew at varying in shrews. In an area close to Evo, Ukonmaanaho et al. (1998) reported 2.7 g g Ϫ1 (dry weight) as a median distances from a smelter in southwest England. and the hepatic Cd 8.5 times greater than in samples Untreated (n ϭ 38) Treated (n ϭ 38) p from control areas (Hegstrom and West, 1989) . We functional groups in both species: kidney Ͼ liver ϾϾ muscle. Accumulation of Cd in tissues of common shrew The effects of liming and the associated increase in is shown to increase with increasing age (Pankakoski et pH on distribution and uptake of cadmium is not clear. al., 1994) . According to Hunter et al. (1989) , more than Pascoe et al. (1994) found the bioavailability of As, Cd, 90% of Cd is accumulated in liver, kidney, and pancreas, Cu, Pb, and Zn to small mammals to be quite small.
and less than 10% in other parts of the body, mainly Pankakoski et al. (1994) argue that ash application inbones and muscles of common shrew. Hunter et al. creases the pH of soil, thereby decreasing the mobility (1989) found a significant correlation between total of Cd. Earthworms and/or insects possibly take up Cd body weight and Cd in liver and kidney of common from the ash and thereby make it more bioavailable to shrew that probably reflects the effect of age. The young shrews that consume them than to voles that are herof the year are several grams lighter than overwintered, bivores.
older breeding animals. They also suggested the possiIn an area heavily polluted by the metal industry bility that kidneys became saturated if cadmium expo-(Budel) in the Netherlands, Ma et al. (1991) found Cd sure is prolonged and that the accumulation continues concentrations of 0.36 and 2.0 g g Ϫ1 (dry weight) in liver in the liver. Dodds-Smith et al. (1992b) found that the and kidney, respectively, from the field vole (Microtus percentage of cadmium in the liver increases with inagrestis) and smaller concentrations of Cd (0.12 g g Ϫ1 creasing total body cadmium burden. In a feeding experand 0.20 g g Ϫ1 ) in a slightly polluted (Arnhem) area.
iment, Dodds-Smith et al. (1992a) found a significant In common shrews from the same study, the concentranegative effect of the cadmium intake (14-65 mg during tions were 180 and 140 g g Ϫ1 in liver and kidney, respec-1-12 wk) on the body weight of common shrew. tively, in the heavily polluted area and 28 and 32 g g
Ϫ1
,
In a polluted area in northern Sweden, Leffler and respectively, in the slightly polluted area. The cadmium Nyholm (1996) estimated that tubular damage in kidconcentrations in voles from our treated and untreated neys, indicated by proteinuria and increased urine proplots were similar to those reported from the Netherduction, would occur even at concentrations as low as lands, while the concentrations in shrews were much 4 g g Ϫ1 (wet weight) in whole kidney of the bank vole. lower than even the less polluted area in the NetherIn our study the maximum cadmium concentration in lands. The estimated daily intake of Cd at Budel and kidney was 4.9 g g Ϫ1 (dry weight) corresponding to Arnhem for M. agrestis was 0.3 and 0.2 g g Ϫ1 d Ϫ1 in about 1.2 g g Ϫ1 (wet weight). Thus, cadmium-induced the heavily and less-polluted areas, respectively, in the toxicological effects seem unlikely in our study area. Netherlands; for common shrew the estimated intake
Our results indicate an increase in the size of kidney was 14 and 5.7 g g Ϫ1 d Ϫ1 (Ma et al., 1991) . In a laboraand possibly liver of both voles and shrews at higher tory experiment Swiergosz et al. (1998) found that an ash exposure. average intake of 15 g g Ϫ1 of food for three months Seasonal variations in tissue concentrations of metals results in a concentration of 15 g g Ϫ1 in kidney of bank have been reported for different organisms. Wlostowski voles. In our study area the average ingestion of Cd et al. (1996) found that a low ambient temperature from bilberry leaves in 1999 was 0.14 g Cd g Ϫ1 from (ϩ5ЊC) decreases the Cd accumulation in liver and kidtreated plots and 0.07 g g Ϫ1 from untreated plots (Pihlney of bank voles compared with when voles are exströ m et al., 1999). Insects and earthworms from the treated and untreated areas have not yet been studied.
posed to Cd at 20ЊC. The low temperature may also 
